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Abstract 
We present a dynamical flow sensor for the condition monitoring of hydraulic systems using a micro flow sensor from polymer. 
The micro flow sensor is based on the thermal anemometric principle. A thin Polyimide membrane is used as a support for 3 gold 
track structures forming a heater and two resistive thermometers. When inserted into the hydraulic pipe only a small bypass flow 
is directed through the fluidic channel of the sensor by means of a special splitting system. Due to its small heat capacity the flow 
sensor is suitable to detect flow pulsations up to about 1000 Hz.  
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1. Introduction 
For the condition monitoring of hydraulic systems it might be useful to examine the dynamical volume flow1. 
Provided that the response time of the sensor is short enough, it is possible e. g. to analyze the reaction time of a 
valve or to measure the flow-pulsations generated by a hydraulic pump. In case of a piston-type pump this will give 
information on the condition of each piston which will allow the detection of a pending leakage2. 
Due to the high oil-pressure inside hydraulic systems up to several 100 bar, pressure measurements with a 
sensitivity in the range of some Pa or less are very difficult. For that reason it is more promising to use a highly 
sensitive flow sensor. With respect to the necessity of a short response time mechanical flow sensors such as gear-
type flow meters cannot be used due to their large inert mass. For that reason it makes more sense to use a thermal 
flow sensor, such as a hot-wire anemometer. These flow sensors usually consist of a heater and at least one 
thermometer to detect the temperature of the fluid3. To measure the flow rate, e.g. the cooling rate of the heater 
caused by the volume flow may be determined.  
To increase the sensitivity of this type of sensor it is necessary to minimize the specific heat of the heater 
structure. In this paper we present a dynamical flow sensor system which is based on a micro flow sensor from 
polymer. Using a special splitting system, only a small amount of the oil flow is directed through the fluidic channel 
 
* Corresponding author. Tel.: +49-7247-82-4378; fax: +49-7247-82-4331. 
 E-mail address: ralf.ahrens@imt.fzk.de. 
1876-6196/09  © 2009 Published by Elsevier B.V. 
doi:10.1016/j.proche.2009.07.231
Procedia Chemistry 1 (2009) 927–930 
Open access under CC BY-NC-ND license.
 of the micro flow sensor with a cross section of 400 µm × 580 µm. Inside this channel there are gold track structures 
embedded in a double-layer polyimide membrane with a thickness of 2.5 µm forming the heater and two resistive 
thermometers.  
2. Sensor design and fabrication 
The sensor system consists of a high-sensitive micro flow sensor (cf. Fig. 1a) and a mechanical component which 
will be integrated into the main pipe of the hydraulic system to split a small bypass flow which is directed through 
the fluidic channel of the flow sensor. Even though the micro flow sensor is made from polymer material, it can 
withstand the high pressures of the hydraulic system up to several 100 bar because it is completely immersed into 
the oil flow to avoid any pressure differences between the inner and outer parts of the sensor. 
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Fig. 1: (a) Two micro flow sensors in comparison to a 1 Euro-coin; (b) Photograph of the polyimide membrane; (c) Schematic diagram of the 
flow sensor. 
The micro flow sensor is based on the thermal anemometric principle. Three resistive track structures from gold 
(cf. Fig. 1b) are embedded in a thin double-layer Polyimide membrane which is located in the center of a small 
fluidic channel with a cross section of 400 µm × 580 µm (indicated by the dashed line in Fig. 1b). The central 
resistive structure is used as a heater, whereas the other two structures are used as resistive thermometers. For that 
reason the sensor system may also detect the flow direction. 
The housing of the micro flow sensor with outer dimensions of 5.5 mm × 6 mm × 1.25 mm consists of two shells 
from Polysulfone (PSU), fabricated by hot embossing in batches of 40 pieces. The inner sides of these shells are 
micro-structured to form the fluidic channel and a second cavity, the adhesive chamber, as shown in Fig. 1c. During 
the assembly, the housing shells are bonded on the membrane by filling this chamber with an epoxy resin using the 
chamber adhesive bonding technology2, 4. 
3. Experimental setup 
To detect the static flow rate the cooling rate of the heater caused by the passing oil flow is measured. For this 
purpose the heater structure is integrated into an analog control loop to keep its temperature at a constant value 
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above the oil temperature (cf. Fig. 2a). The needed electrical current is proportional to the flow rate to be measured. 
As long as the control loop is fast enough, the dynamical fluctuations of the oil flow can be detected simultaneously. 
Depending on the flow direction, the temperature of the thermometer which is ahead of the heater is lower than the 
temperature of the second one behind the heater. Only the temperature of the first thermometer corresponds to the 
actual oil temperature and therefore it is chosen by the micro-controller to be connected to the control loop by means 
of an electronic switch. 
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Fig. 2: (a) Block diagram of the electronic setup; (b) Schematic view of the mechanical setup. 
4. Experimental results 
A schematic view of the mechanical setup is shown in Fig. 2b. A gear pump is used to generate a variable oil 
flow up to 90 l/min, which is directed through the new flow sensor system. To provide the calibrated flow rate 
during the experiments a commercial gear-type flow meter is located behind the sensor system. 
4.1. Static flow measurements 
Since hydraulic systems are operated at various temperatures up to 100°C it is necessary to examine the 
temperature dependence of the measured flow rate. The temperature directly affects the viscosity of the hydraulic oil 
which has an influence on the distribution between the volume flow through the fluidic channel of the micro flow 
sensor and the remaining flow through the main pipe.  
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Fig. 3: Static flow measurements at two different temperatures: (a) using a baffle plate system; (b) using an optimized splitting system. 
Some results of the measurements of the static flow at an oil temperature of 30°C and 50°C, respectively, are 
shown in Fig. 3. The diagram in Fig. 3a corresponds to the experimental setup as shown in Fig. 2b, where a small 
amount of the main flow is directed through the micro flow sensor by means of a special baffle plate system. At an 
oil temperature of 30°C the sloop of the measured flow rate changes around 80 l/min, probably caused by the 
transition from laminar flow to turbulent flow. At 50°C the viscosity of the oil is lower and the transition to the 
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 turbulent flow already occurs around 30 l/min. The observed deviations between the two curves require a special 
temperature compensation for the static flow measurements which would be very complex over the whole 
temperature range. Moreover different oil viscosities have to be taken into account, too. 
Instead of a mathematical compensation of this effect it is more promising to optimize the flow splitting system 
and to introduce an additional settling section to increase the range of laminar flow as used for the measurements 
shown in Fig. 3b. Even though the curvature is larger, there are only small deviations between the measured flow 
rates at different temperatures. After a calibration the micro-controller can be used to generate a linearized output 
signal of the measured flow rate. 
4.2. Dynamical flow measurements 
Besides the flow pulsations caused by the gear pump the measured signal contains a second dynamical 
component as shown in Fig. 4a. Using a Fourier transformation two different frequencies can be identified (cf. Fig. 
4b). The first peak (66.4 Hz) corresponds to the rotation of the gear pump with 11 bevels at 362 min-1. The second 
peak at 449.2 Hz is caused by the gear-type flow meter behind the flow sensor. At 70.14 l/min the flow meter 
generates an output signal of 524 Hz corresponding to the movements of the teeth of one gear wheel. At 30 l/min a 
frequency of about 224 Hz is to be expected. Since the flow meter consists of two gear wheels, each gear wheel 
generates individual flow pulsations with a 90° phase-shift, which doubles the frequency of the pulsations. 
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Fig. 4: (a) Output signal of the flow sensor at a main flow rate of 30 l/min; (b) Fourier transformation of the output signal. 
5. Conclusions 
In this paper we have shown that it is possible to use a micro flow sensor from polymer for dynamical flow 
measurements in hydraulic systems. The sensor is completely immersed into the pressurized system to avoid any 
pressure differences between the inner and the outer parts of the sensor. Due to a special design of the splitting 
system, which directs a small bypass flow through the micro flow sensor, the volume flow stays laminar and 
changes of the oil viscosity do not affect the distribution of the volume flow through the micro flow sensor and the 
main flow. This reduces the temperature and viscosity dependence of the static flow measurements. 
The small heat capacity of the sensor elements results in a very short response time, allowing dynamical flow 
measurements up to about 1000 Hz. This offers the possibility to use the sensor system for the condition monitoring 
of hydraulic machines and systems and other interesting applications in the field of preventive maintenance. 
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